SUMMARY Recent studies using intracardiac recordings (ICR) have demonstrated that fragmentation of the ventricular electrogram (VE) can be detected in patients with chronic ventricular tachycardia (VT) associated with cardiomyopathy or arteriosclerotic heart disease with ventricular aneurysm. This study suggests that fragmented VE reflects desynchronized local electrical activity related to conduction delay in the ventricular myocardium and may he necessary for the genesis of reentrant VT in man, a finding similar to that observed during experimental myocardial infarction in the canine heart. We studied 17 patients using ICR, five with and 12 without a documented history of VT. Of these 17 patients, two had cardiomyopathy, five arteriosclerotic heart disease (three of five had ventricular aneurysm), five rheumatic heart disease and two congenital heart disease; the remaining three had no apparent heart disease. The left and right VEs were recorded at multiple sites with variable interelectrode distances and filter frequency settings. Fragmented VE could be recorded in the right VE in four patients (23.5%) (one with and three without VT) and in the left VE in all 17 patients (100%) using interelectrode distances of 12 mm or greater and filter frequency settings of 40-500 Hz or less. Furthermore, we observed that (1) incremental atrial pacing could induce progressive prolongation of VE fragmentation without the induction of VT; (2) when VT was induced, it bore no relationship to VE fragmentation; and (3) during VT, interruption of VE fragmentation with ventricular extrastimulation did not terminate VT. These findings suggest that (1) recordings of fragmented VE depend on the ICR location, interelectrode distance and filter frequency setting; (2) fragmentation of the VE can be observed in patients with and without VT; and (3) fragmentation of the VE may reflect fractionated myocardial potentials, but it may also represent artifacts associated with intracardiac catheter electrode movement during cardiac systole and diastole. Therefore, VE recorded as such should be interpreted with caution in defining the mechanism of VT in man.
FRAGMENTATION of the ventricular electrogram has been observed during experimental myocardial infarction in the canine heart using epicardial, intramural and endocardial electrode recordings. '-10 Ventricular electrogram fragmentation may reflect desynchronized local electrical activity related to con-duction delay in the ischemic myocardium, a necessary condition for the development of reentrant ventricular arrhythmias after myocardial infarction. Using the technique of intracardiac recordings, recent studies have suggested that a similar phenomenon occurs in patients with ventricular tachycardia associated with cardiomyopathy and arteriosclerotic heart disease with ventricular aneurysm.14 Nevertheless, no reports have been published that analyzed the ventricular electrogram in other circumstances in man.
We studied the right and left ventricular electrogram using intracardiac recording techniques in 17 patients, five with and 12 without a history of ventricular tachycardia. The purpose of the study was to examine the right and left ventricular electrogram for evidence of fragmentation and to define its incidence and significance. 11 In this study, fragmentation of the ventricular electrogram referred to low-amplitude potentials unrelated to the P-or T-wave activity that occurred at any time during the cardiac cycle.
Results
Clinical Profiles (table 1) Of the 17 patients, 10 were male and seven female. They ranged in age from 18-76 years (mean 47.1 years). In group 1, the five patients with a documented history of ventricular tachycardia, two patients had arteriosclerotic heart disease (one of whom had a left ventricular aneurysm), one patient cardiomyopathy and two patients no apparent heart disease. In group 2, the 12 patients without a history of ventricular tachycardia, five had rheumatic heart disease, three arteriosclerotic heart disease (two of whom had left ventricular aneurysms), two congenital heart disease, one patient had cardiomyopathy and one no apparent heart disease. Except T-wave activity on the surface ECG and usually started before or after these events. When it was recorded at one location the wave form and timing were relatively constant, although small changes in the form of the fragmented complexes of successive beats were present. Occasionally, the fragmented ventricular electrogram could grossly demonstrate beatto-beat variations due to an unstable catheter electrode position ( fig. 3 ).
Effects of Recording Site, Filter Frequency and lnterelectrode Distance
Recordings from multiple sites within the right and left ventricles in the same patient frequently showed that fragmented electrograms were not apparent at one site, while they were at another. Likewise, the wave form and timing of the fragmented electrograms varied from site to site; for example, they could be only late diastolic in one area and holodiastolic in another. Overall, the left ventricular apex was the most common site in which a fragmented electrogram could be recorded in these 17 patients (table 2) .
Ventricular electrogram fragmentation was found to be a filter frequency-dependent phenomenon. While a fragmented ventricular electrogram was usually recorded using the standard recording filter frequency range of 40-500 Hz (or 30-500 Hz),15 the low filter frequency range of 12-200 Hz (or 10-250 Hz) usually exaggerated its wave form and the high filter frequency range of 400-500 Hz (or 300-500 Hz) abolished it at a fixed gain setting ( fig. 4) Spontaneous ventricular ectopic beats were frequently observed in the group 1 patients. However, ventricular ectopic beats occurred independently from fragmented ventricular electrograms ( fig. 6 ). Two ventricular ectopic beats (the second and fifth QRS complexes) occurred during sinus rhythm in patient 4, who had arteriosclerotic heart disease and a postinfarction left ventricular aneurysm. The morphology of the QRS complexes of these two ventricular ectopic beats was identical to one that occurred spontaneously before the electrophysiologic study. Early systolic and middiastolic fragmentation of the ventricular electrogram was recorded from the area of the left ventricular aneurysm during sinus rhythm. Nonetheless, these ventricular ectopic beats occurred regardless of the timing and amplitude of fragmented ventricular electrograms and there was no constant ventricular fragmentation pattern preceding these ventricular ectopic beats.
Fragmentation of the Ventricular Electrogram and Induction of Ventricular Tachycardia
Of the five patients in group 1, two patients (cases 2 and 4) had sustained and three (cases 1, 3 and 5) nonsustained ventricular tachycardia induced during electrophysiologic studies. None of the group 2 patients had ventricular tachycardia during diagnostic cardiac catheterization and incremental atrial pacing.
The group 1 patients frequently had fragmentation of the left ventricular electrogram during both sustained and nonsustained ventricular tachycardia, but showed no consistent or reproducible pattern of electrogram fragmentation that preceded the onset of ventricular tachycardia ( figs. 7 and 8 ). In the example figure 7 , the high right atrium was driven at a cycle length (S-S) of 330 msec. There was a progressive increase in electrogram fragmentation recorded from the area of a left ventricular aneurysm. The electrogram fragmentation began from easy systole and then extended and became holodiastolic without initiating ventricular tachycardia.,, In the recording shown in figure 8, first stimulus (S) failed to capture the ventricle. The second stimulus (S) captured the ventricle but did not interrupt the fragmented activity and the ventricular tachycardia continued. However, the third stimulus (S) captured the ventricle and interrupted the fragmented activity but failed to terminate the ventricular tachycardia. These findings suggested that perpetuation of fragmentation of the ventricular electrogram was not necessary to maintain ventricular tachycardia. In fact, none of the patients with ventricular tachycardia demonstrated a relationship between the fragmented ventricular electrogram and the ventricular tachycardia.
Discussion
In canine heart experiments, Harris and Rojas'6 postulated that continuous electrical activity should be observed before the onset of a reentrant ventricular arrhythmia during the postinfarction period. However, they failed to record this continuous electrical activity, a failure later attributed to a lack of sophisticated equipment.3 Durrer et al.' were probably the first investigators to report bipolar recording of fragmented electrical activity from the epicardial surface of a transmural infarction in a chronic canine myocardial infarction model. Subsequently, other investigators2-6 demonstrated fragmented electrical activity related to myocardial ischemia and infarction in similar animal experiments.
Using plunge-wire electrodes, Scherlag et al.5 analyzed the subendocardial, subepicardial and intramural electrograms recorded from the ischemic and infarcted areas in the canine heart. They observed that the subepicardial layer had the greatest conduction delay as a result of ischemia or infarction and inferred that subepicardial area was the original site of reentry. El-Sherif et al. 6 ' extended these findings with the use of superficial composite electrodes. They 
